The re-use of pulse oximeter probes presents the possibility of between-patient contamination. Use of a disposable polyethylene cover may reduce this risk. In a controlled, prospective study we examined the effect of such a cover on the accuracy of pulse oximetry. Each of ten volunteer subjects was monitored simultaneously by two identical Nellcor pulse oximeters, one with a plastic cover and the other, without a cover, used as a control. The pulse oximetry (SpO 2 ) reading for each probe was recorded while subjects breathed 21% O 2 and again while they breathed 10% O 2 . The probe cover was then swapped onto the other probe and the recordings were repeated. Ninety-five per cent limits of agreement in SpO 2 (mean difference in SpO 2 (1.95 x standard deviation of difference) between covered and non-covered probes were -0.6% to 0.6% while breathing 21% oxygen and -2.0% to 2.9% while breathing 10% oxygen. We conclude that a protective plastic sheath may induce a small error in pulse oximetry reading that is most marked during hypoxaemia. This error is unlikely to be of clinical significance. FIGURE 1: Clear, polyethylene pulse oximeter probe cover.
Pulse oximeters have become essential monitors in anaesthesia and critical care. They monitor the level of oxygen saturation of the haemoglobin in arterial blood. The Australian and New Zealand College of Anaesthetists' policy states that a pulse oximeter must be in use for every anaesthetized patient 1 . Different types of pulse oximeters are in use and can be applied to many different parts of the body. The reusable finger probe pulse oximeter is commonly used. Although no known transmission of infection has been reported in the literature thus far, the pulse oximeter, as with other noninvasive monitoring devices, remains a potential source of transmission of infection.
We proposed that a single-use disposable plastic cover for the pulse oximeter probe might protect both the patient and the probe. As well as decreasing the risk of potential cross-contamination, the probe would be effectively rendered latex-free and easier maintenance and less cleaning might extend its life span. Before such a cover is used in a clinical setting, it should be tested to ascertain whether the accuracy of the oximeter readings is affected. As Hanning and Langton have pointed out, the only acceptable method of checking proper oximeter function is to examine the response to changes in oxygenation 2 . If the cover could be shown not to affect significantly the accuracy of oximetry, then a costeffective, disposable probe cover could be developed for routine clinical use.
METHODS
A cover for the pulse oximeter (Nellcor DS-100A) was manufactured using polyethylene of 32 µm thickness. The cover was designed so that it would totally encase the probe as well as a short distance of the attached cabling. It is easily applied and removed and if applied correctly (Figure 1 ), only a single layer of polyethylene comes between the skin and the surfaces of the probe.
Local Ethics Committee approval was obtained and 10 healthy volunteers gave written informed consent to participate in this study. Only subjects classified as ASA 1 or 2 who were also non-smokers were enrolled. Each was randomly assigned to have the test oximeter initially attached to either the ring or the index finger of the left hand. The study was conducted in an operating theatre. The subjects lay supine on an operating table and a non-invasive blood pressure device and a three-lead electrocardiograph were applied. Two new and identical Nellcor DS-100A pulse oximeters were used. The polyethylene cover was placed over the test oximeter before it was attached to either the ring or index finger. The control probe, which was uncovered, was attached to the other finger. Two investigators collected the data manually. The investigator collecting the data was blinded so that the monitor displays, but not the monitored hand, were visible. The second investigator performed the group allocation, applied the probes and monitored the volunteers.
Volunteers were instructed to hold a facemask tightly to their face. The mask was attached via a disposable filter to an anaesthetic circle breathing system with fresh soda lime in place. A standardized inspired oxygen fraction was produced by titrating the flow of medical air into the inspiratory limb at a low flow rate such that volunteer utilization exceeded oxygen input. Inspired and expired gases were sampled from the disposable filter by a sidestream gas analyser (Hewlett Packard M1026A monitoring system).
Each volunteer first breathed air (21% oxygen) and the test and control oxygen saturation (SpO 2 ) were recorded. Subsequently, they breathed from the anaesthetic circle system so that the inspired oxygen gradually fell to 10%. The test and control SpO 2 were recorded again when the inspired oxygen stabilized at 10%. The time taken to achieve this varied and the volunteers were instructed that they should remove the mask if they experienced any discomfort. The pulse oximeter cover was next changed over to the other probe, on the other finger, and the readings at 21% and 10% oxygen were repeated.
The SpO 2 values measured via the plastic-covered probe were compared with the control probe using the Bland-Altman method. The differences in values were considered as rounded, continuous data with a Gaussian distribution for the purposes of statistical manipulation. Ninety-five per cent limits of agreement for SpO 2 were calculated as: mean error in SpO 2 induced by the cover ±1.95 x standard deviation of the error induced by the cover.
RESULTS
Ten healthy volunteers were recruited for the study. The mean age was 27.8 years (range 22-43 years). There were four females and six males. Two sets of data were obtained from each of the 10 volunteers, thus giving twenty sets of data (Table 1) . Figures 2 and  3 show Bland-Altman plots of the errors induced by the plastic cover on the pulse oximeter while volunteers breathed 21% and 10% oxygen. Ninety-five per cent limits of agreement in SpO 2 (mean difference in SpO 2 (1.95 x standard deviation of difference) between covered and non-covered probes were -0.6% to 0.6% while breathing 21% oxygen and -2.0% to 2.9% while breathing 10% oxygen.
DISCUSSION
The aim of this study was to investigate whether a disposable polyethylene cover over a pulse oximeter probe would alter the accuracy of recordings. The results suggest that the plastic sheath does not induce a significant difference in the measured SpO 2 while breathing air but that the error is more marked in the presence of hypoxaemia. The covered pulse oximeter was able to detect desaturations. Low values of SpO 2 are uncommonly seen in anaesthetic practice and errors induced in low SpO 2 values are unlikely to cause significant problems. In particular, the use of the plastic cover would not prevent or delay the detection of a desaturation event.
The pulse oximeter probe, which is used routinely for all anaesthetized and intensive care patients, comes into continuous, direct contact with a large number of patients. A study examining the prevalence of blood contamination on the surfaces of anaesthetic and monitoring equipment has found that 59% of pulse oximeters tested were contaminated 3 . It also found that visual inspection was not a reliable means of detecting blood contamination. Noninvasive monitoring devices such as pulse oximeters can also harbour pathogenic microorganisms 4 . In another study, 66% of probes, which had been cleaned and were considered ready for patient use, tested positive for bacteria such as Staphylococcus aureus, Staphylococcus haemolyticus, Enterococcus faecalis and Klebsiella oxytoca 5 . Many of these probes had been cleaned with alcohol or an antibacterial/ antiviral agent. Therefore, we propose that, in the current climate of increasing awareness and concerns regarding the transmission of infection, there is a need for a disposable pulse oximeter cover. This also represents a cheaper alternative to the disposable, single-use probes. Alternative probe-protecting methods have been employed, such as a vinyl glove fitted on the patient's hand 6 , the finger of a vinyl glove as a cover for a clipon ear-probe 7 sensors 8 and recycling of disposable probes 9 . We suggest the use of a clear plastic sheath that totally encases the probe and a short distance of the attached cabling.
We conclude that there is a place for a disposable cover for the pulse oximeter. The cover that we designed and examined has minimal effect on oximeter readings while breathing air but may slightly affect the accuracy of the readings at lower SpO 2 . This is unlikely to be of significance in routine anaesthetic practice. Although there was no apparent lag in SpO 2 measurement induced by the cover, a future study may examine this using an electronic data collection system.
